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Abstract

Introduction: Procalcitonin (PCT) has been proposed as a marker of infection in critically ill patients. The aim of the study was to evaluate and com-
pare the possible discriminative use of PCT together with other standard inflammatory parameters, such as C-reactive protein (CRP), platelets (PLT),
white blood cell count (WBC) and immature granulocytes (IG) in differentiating systemic and localized bacterial infection in critically ill patients.

Materials and methods: According to clinical sings and microbiologic findings, 25 patients were divided into two groups: group A — patients wi-
th systemic bacterial infection and group B — patients with localized bacterial infection. Concentration of PCT and CRP; PLT, WBC and |G count were
determined in all patients.

Results: The median concentration of PCT was 1.3 (range: 0.1-7.4) ug/L in group A and 0.2 (range: 0.1-9.1) pg/L in group B with differences be-
tween groups being statistically significant (P = 0.038). A significantly higher median PLT count (P = 0.012) was found in group B (327, range:
91-647 x 10%/L) as compared to group A (140, range: 40325 x 10%/L). In contrast, there were no statistically significant differences in median values
of CRP, WBC and 1G between groups (P = 0.071; 0.189 and 0.239, respectively). According to ROC (receiver operating characteristic) analysis, the ob-
tained cut-off value for PCT as the marker of systemic bacterial infection was 0.3 pg/L (sensitivity 91%, specificity 64%).

Conclusion: According to our results, PCT concentrations and PLT counts showed better discrimination than other investigated standard inflamma-

tory parameters for differentiating systemic from localized bacterial infection in critically ill patients.
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Introduction

Procalcitonin (PCT), the precursor of the hormo-
ne calcitonin, is a 116 aminoacid glycoprotein wi-
th a molecular weight of 14.5 kD (1). Under nor-
mal metabolic conditions, PCT is only present in
the C cells of the thyroid gland, whereas in bacte-
rial infections its concentration raises in blood. In
healthy subjects, PCT concentration is < 0.1 ug/L
and rises to levels above 100 pg/L during severe
bacterial, parasitic or fungal infections with syste-
mic manifestations, even in the absence of a thy-
roid gland. This indicates that PCT is mainly pro-
duced extrathyroidally in systemic inflammatory
conditions (2). PCT determination was first per-
formed in 1993 by Assicot et al. in children to dif-
ferentiate bacterial from viral meningitis (3). Since
that date, PCT has become a marker of bacterial
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infection with a wide range of indications for its
use (4).

Systemic bacterial infection (sepsis) can be difficult
to distinguish from localized infection and nonin-
fectious conditions in critically ill patients, such as
systemic inflammatory response syndrome (SIRS).
Although infections and sepsis are accompanied
by clinical and laboratory signs, such as changes in
body temperature, leucocytosis, C-reactive protein
(CRP) and tachycardia, they often provide low dis-
crimination in the diagnosis of infection. In such
cases early diagnosis of sepsis and a prompt anti-
bacterial therapy are very important. Usually befo-
re the initiation of adequate therapy, blood culture
analysis is performed in patients who are doubtful
to have these conditions. Although blood cultures
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are very specific for the detection of sepsis, the
overall sensitivity is only 25-42% (5). Furthermore,
clinical signs of sepsis may develop without bacte-
riological evidence of infection and negative resul-
ts do not exclude the presence of infection or sep-
sis (2). Thus, early diagnosis of sepsis and bacterial
infection still depend on a sum of clinical criteria
and microbiological procedures, which do not al-
low any conclusions on the extent, activity and
prognosis of the disease.

As PCT is an established marker of severe systemic
bacterial infection. The aim of this study was to
evaluate the possible discriminative use of PCT in
differentiating systemic and localized bacterial in-
fection in critically ill patients. The main goals we-
re to compare serum concentrations of PCT, toget-
her with other standard inflammatory parameters
like CRP, platelet (PLT), white blood cell (WBC) and
immature granulocyte (IG) counts, in patients with
systemic and localized bacterial infection.

Material and methods
Patients

In our investigation we have included a group of
patients hospitalized for > 1 week to the Intensive
Care Unit (ICU) or to the Department of Burn Inju-
ries of the University Hospital of Traumatology
Zagreb, from July to November 2007 who fulfilled
following inclusion criteria: clinical signs of sepsis
(6) or localised infection. Patients were divided in-
to two subgroups, according to the clinical signs
and blood culture findings: patients with clinical
sings of systemic bacterial infection and positive
blood cultures comprised the group A (N = 11),
while patients with localized bacterial infection
and negative blood cultures but positive other
cultures (urine culture, tracheal aspirate, upper
respiratory tract swab), comprised the group B (N
= 14). This study was approved by the Ethics Boa-
rd of the University Hospital of Traumatology Za-
greb.

Methods

Blood sampling for biochemical parameters and
blood cultures was done on the day of onset of cli-

nical sings of infection in all patients. In addition,
in patients with negative blood cultures, samples
for urine culture or tracheal aspirate or upper res-
piratory tract swab were taken according to cli-
nical symptoms.

The biochemical laboratory analysis included the
determination of PCT, CRP, PLT, WBC and IG count.
Samples for PCT and CRP were centrifuged at 3000
x g for 10 minutes and serum aliquoted and stored
at -20 °C until the analysis were done. PCT concen-
trations were determined in serum samples using
enzyme-linked fluorescent immunoassay on the
miniVidas analyzer (Biomerieux, Marcy I'Etoile,
France), whereas CRP was measured in serum by
immunoturbidimetric method on the Dimension
Xpand (Siemens, Newark, DE, USA). PLT and WBC
counts were determined in whole blood samples
with K;EDTA as an anticoagulant on the automa-
ted hematology analyzer Sysmex XT-1800i (Sys-
mex Corporation, Kobe, Japan). Differential white
cell count was performed manually in stained blo-
od peripheral smears.

Statistical analysis

The Kolmogorov-Smirnov test was used to assess
types of distributions of investigated parameters.
Values were expressed as median and ranges. The
Mann-Whitney U test was used for between-
group differences testing. The Z-test was used for
determination of the significance of difference be-
tween two proportions. The receiver operating
characteristic (ROC) analysis was used to determi-
ne optimal cut-off values, area under ROC curve
(AUQ), with respective 95% confidence intervals
(95% Cl), specificity and sensitivity values. The va-
lues of P < 0.05 were considered statistically signi-
ficant. Statistical analysis was done using MedCalc
statistical software (MedCalc 10.3.0.0., Frank Scho-
onjans, Maraikerke, Belgium).

Results

Type of infection and microbiological findings for
studied groups of patients are presented in Table
1. Three patients in group A suffered from po-
lymicrobial infection. Group B patients with locali-
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TasLe 1. Type of infection and microbiology findings in group
A and B.

Type of infection  Microbiological findings

Group A
- systemic bacterial
infection (N =11)

« Staphylococcus aureus (N = 1)

- Coagulase negative Staphylococcus
(N=3)

» Candida albicans (N =2)

« Staphylococcus epidermidis (N = 2)

+ Klebsiella pneumoniae (N = 2)

« Acinetobacter baumannii (N = 1)

+ Enterobacter cloacae (N=1)

« MRSA(N=1)

« Pseudomonas aeruginosa (N = 2)

« Enterococcus faecalis (N = 1)

Group B + Klebsiella pneumoniae (N = 6)

- localized bacterial . Pseudomonas aeruginosa (N = 5)

infection: - Acinetobacter baumannii (N = 3)

+ Urinary tract « Escherichia coli (N =2)
(N=6) . Staphylococcus aureus (N = 3)

» Lower . MRSA(N=1)
Eﬁszlgf;\tory tract Haemophilus influenzae (N = 1)

. Upper « Serratia marcenses (N =1)
respiratory tract ° Coagulase negative Staphylococcus
(N=3) (N=1)

« Enterococcus faecalis (N = 1)
+ Fusarium species (N=1)

MRSA - Methicillin-resistant Staphylococcus aureus

zed infection according to microbiological and cli-
nical results had urinary tract infection in 6 cases,
lower respiratory tract infection in 5 cases (4 had
polymicrobial infection) and upper respiratory
tract infection in 3 cases (2 had polymicrobial in-
fection).

TaBLE 2. Measured parameters in all patient groups.

Group A Group B P*
(N=11) (N=14)
PCT (pg/L) 1.3(0.1-7.4) 0.2 (0.1-9.1) 0.038
CRP (mg/L) 120.6 (86.7-281.1)  71.7(1.5-251.1)  0.071

PLT (x 10%/L)
WBC (x 10%/L)
IG (rel %)

140 (40-325)
7.8 (2.5-13.1)
18 (4-48)

327 (91-647) 0.012
10.0 (2.9-15.0)  0.189
8 (0-55) 0.239

Data are presented with median and range;
* Mann-Whitney test

The obtained results of PCT, CRP, PLT, WBC and IG
values are presented in Table 2. A statistically sig-
nificant higher median value of PCT and a lower
median PLT count was identified in group A as
compared to group B (P =0.038; P = 0.012, respec-
tively). Although higher median values of CRP and
IG and lower WBC were observed in group A than
in group B, the differences between groups were
not statistically significant (P = 0.071; 0.239 and
0.189, respectively).

Table 3 presents patients in both study groups ac-
cording to PCT limits recommended by the manu-
facturer and PLT values according to the reference
interval (158-424 x 10°/L). According to PCT limits,
a low risk of sepsis was identified in the majority of
group B patients (11/14) as compared to only 2/11
group A patients. Sepsis was uncertain in 5/11
group A patients, whereas 4/11 patients had a hi-
gh risk of sepsis. In group B, none of the patients
had uncertain sepsis but 3/14 of patients had a hi-
gh risk of sepsis. In group A, 7/11 of patients had
thrombocytopenia, while in group B a low PLT
count was present only in 3/14 of patients. Althou-
gh a higher number of patients with a combina-
tion of decreased PLT counts and elevated PCT
concentrations was found in group A patients
(6/11) as compared to group B patients (2/14), the
difference between groups was not significant (P
= 0.084) (data not shown).

The results of ROC analysis (AUC with respective
95% Cl as well as optimal cut-off values and their
corresponding sensitivity and specificity) for all fi-
ve measured parameters are presented in Table 4.

TasLE 3. Statification of patients according to limits of PCT and
PLT values.

Parameter Limit GroupA GroupB
N/N N/N
PCT (ug/L) < 0.5 (low risk of sepsis) 2/M 11/14
0.5-2.0 (sepsis uncertain) 5/1 0/14
2.0-10 (high risk of sepsis) 4/1 3/14
PLT (x10°/L) < 158 (thrombocytopenia) 7/11 3/14
158-424 (normal) 4/1 9/14
> 424 (thrombocytosis) 0/ 2/14
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TasLE 4. Results of ROC analysis in the diagnosis of sepsis.

PCT PLT CRP WBC 1G
AUC 0.747 0.799 0.714 0.656 0.640
95% Cl 0.534-0.897 0.591-0.930 0.500-0.875 0.441-0.832 0.425-0.820
Optimal cut-off 0.3 pg/L 249 x 10%/L 82.6 mg/L 11.2 x 109/L 1%
Sensitivity (%) 91 91 100 91 64
Specificity (%) 64 64 64 43 64

AUC - area under the ROC curve

Discussion

Microbes like bacteria or fungi can cause severe di-
seases in humans. Bacterial infection may proceed
from superficial colonization to localized invasive
infection and result in further systemic manifesta-
tions such as sepsis. Since the disease may progre-
ss rapidly from a local process to systemic manifes-
tations and organ dysfunction, time until diagno-
sis is very important in these patients (7,8). The
main problems are that the diagnosis of sepsis in
critically ill patients cannot be established using
routine laboratory parameters and physical exami-
nation, while most confirmatory microbiological
tests results are not immediately available.

Different studies and reviews have shown that PCT
has a superior diagnostic accuracy for the diagno-
sis of sepsis as compared to other parameters and
that a significantly increased PCT concentration in
sepsis correlates with the severity of infection, res-
ponse to treatment and prognosis (4,9,10). In our
study, systemic infections were associated with a
statistically significant PCT elevation as opposed
to localized infections. Kofteridid et al. (11) found
that PCT did not prove to be suitable for patients
with less severe or localized infections, such as up-
per respiratory tract infections. In contrast, Becker
et al. showed that PCT concentration may not al-
ways be related to systemic bacterial infection and
that higher levels may occur in localized infections
with negative blood cultures, such as in bacterial
pneumonitis (12). Luzzani et al. (13) found that the
median concentration of PCT in localized-infec-
tion patients was 1.3 ug/L (0.6-2.0) and in the sep-
tic group 3.1 ug/L (1.4-5.2). In contrast to Luzzani,

in both groups of our patients PCT concentrations
were lower. We can speculate that the possible
reason for lower values in our patients with sepsis
could be a previous history of sepsis in these pa-
tients, but we have no information regarding the-
se data. According to Charles et al. (14), PCT con-
centration was significantly lower in patients with
previous history of sepsis than in those without
sepsis in their anamnesis. Another reason for lower
PCT concentration in our analysis could be the fact
that our study included only patients who spent at
least a week in hospital after surgery or trauma in
order to exclude PCT elevation due to non-bacte-
rial causes in the first few days after trauma and
surgical intervention (15,16).

According to the PCT limit for the presence of sep-
sis recommended by the manufacturer (< 0.5
pg/L), we have identified two cases with a low PCT
but positive blood culture (Gram-positive bacte-
ria). The explanation of this fact may be that infec-
tions with Gram-positive bacteria could produce
delayed response as stated in study of Liaudat et
al. (7). Another reasons could be previous antibio-
tic therapy or inadequate blood sampling time —
prior to PCT elevation. In our study, when the in-
fection was locoregional or confined to a single or-
gan, the PCT concentration was low, except in
three patients, who had polymicrobial infection of
the lower and upper respiratory tract. High PCT
concentration observed in these patients may in-
dicate that PCT could be an important early mar-
ker for suspected septic patients, especially in case
of negative blood-cultures. In such cases, PCT con-
centration should be helpful for better identifica-
tion of subtle trends during the course of illness,
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but this has to be investigated in a larger number
of patients. According to the ROC analysis (sensiti-
vity 91%, specificity 64%) we obtained a lower cut-
off (0.3 pg/L) than the value recommended by the
manufacturer, which resulted in a higher number
of false-positive results.

Data from the current literature have shown the
role of CRP in the diagnosis of acute bacterial in-
fection and for therapy monitoring, but most aut-
hors suggest usage of CRP in combination with ot-
her more acute biomarkers (13,17). Our data de-
monstrated that CRP induction occurred in almost
all patients in group A and B with bacterial infec-
tion. In our patients optimal cut-off for differentia-
ting sepsis from localized infection was 82.6 mg/L.

Sepsis is clearly one of risk factors for thrombo-
cytopenia in critically ill patients and the severity
of sepsis correlates with decrease in PLT count
(18,19). In group A, 7/11 of patients had thrombo-
cytopenia, and only 3/14 in group B. The median
PLT count was significantly lower in patients with
systemic bacterial infection. Decrease in PLT count
can be caused by multiple and mostly interrelated
factors. The mechanism by which thrombocytope-
nia occurs in sepsis includes PLT consumption and
destruction, hemodilution, PLT sequestration (e.g.,
in the spleen) and their reduced production (20).

The WBC count and IG did not differ significantly
across our patient groups. WBC and IG counts are
simple and reliable measurements for detection
and monitoring of inflammation, but they do not
have a diagnostic benefit in ICU because both of
them are unspecific (21). Most of the patients in
group A and B had a normal or slightly higher WBC
count with a left shift. Our data support the view
of some authors that WBC count has little value in
differentiating the type of infection in critically ill
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patients. Acute trauma, burns, seizures, and some
medications can also have a significant effect on
the WBC count (22).

We are aware of the limitations of our study, such as
a small sample size and its limited potential impact
to the obtained results. A second limitation is that
our findings are based on a single measurement and
sequential testing might improve the diagnostic va-
lue of one, or all of these parameters. Critics might
argue that knowledge of the PCT value is unlikely to
change clinical practice, because these patients are
likely to receive antibiotic treatment based on clini-
cal suspicion alone. However, we suggest that the
value of this investigation lies not in confirming the
suspicion of disease, but in helping to exclude syste-
mic bacterial infection from the differential diagno-
sis. PCT detection should be included in the diagno-
sis strategy of critical ill patients. The advantage of
PCT test is that results could be obtained very quic-
kly (within 1 hour), unlike blood culture, the results
of which are only available after 2 to 3 days.

In conclusion, our results obtained in small study
groups have shown that PCT and PLT have better
discrimination potentials than the other investiga-
ted standard inflammatory parameters for diffe-
rentiating systemic from localized bacterial infec-
tion in critically ill patients. Further studies with
larger patient samples and involving determina-
tion of inflammatory parameters in groups with
systemic or localized infections should be carried
out in order to confirm our results.
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Koncentracija prokalcitonina kod sistemskih i lokaliziranih bakterijskih

infekcija

SaZetak

Uvod: Prokalcitonin (PCT) se predlaZe kao biljeg infekcije kod vitalno ugrozenih bolesnika. Cilj ovog istrazivanja jest procijeniti mogucu diskrimi-
nativnu ulogu PCT te je usporediti s ostalim standardnim upalnim parametrima, kao $to su G-reaktivni protein (CRP), trombociti (engl. platelets,
PLT), leukociti (engl. white blood cells, WBC) i nezreli granulociti (engl. immature granulocytes, |G) kod razlikovanja sistemske od lokalizirane bak-
terijske infekcije kod vitalno ugrozenih bolesnika.

Materijali i metode: Prema klinickim znakovima i rezultatima mikrobioloskih pretraga 25 bolesnika podijeljeno je u dvije skupine: skupinu A
Cine bolesnici sa sistemskom bakterijskom infekcijom, a skupinu B s bolesnici s lokaliziranom bakterijskom infekcijom. Kod svih su bolesnika od-
redene koncentracije PCT i CRP, udio IG te broj WBCi PLT.

Rezultati: Medijan koncentracije PCT kod skupine A bio je 1,3 (raspon: 0,1-7,4) pg/L, a kod skupine B 0,2 (raspon: 0,1-9,1) ug/L te je razlika izmedu
izmjerenih vrijednosti bila statisticki znaajna (P = 0,038). Medijan broja PLT kod skupine B (327, raspon: 91-647 x 10%/L) bio je statisticki znacaj-
no visi (P = 0,012) nego kod skupine A (140, raspon: 40—325 x 10%/L). Suprotno tome, vrijednosti koncentracija CRP, WBC i IG nisu se statisticki
znacajno razlikovale izmedu skupina (P = 0,071 za CRP; P = 0,189 za WBC; P = 0,239 za IG). ROC analizom (engl. receiver operating characteristic,
ROC) dobivena je granicna vrijednost koncentracije PCT kao biljega sistemske bakterijske infekcije od 0,3 pg/L (osjetljivost 91%, specificnost 64%).

Zakljucak: Prema nasim rezultatima koncentracija PCT i broj trombocita pokazali su bolji diskriminativni ucinak nego ostali ispitivani standardni
parametri upale koji se koriste pri razlikovanju sistemske od lokalizirane bakterijske infekcije kod vitalno ugrozenih bolesnika.

Kljucne rijeci: prokalcitonin; sistemska bakterijska infekcija; lokalizirana bakterijska infekcija; vitalno ugrozen bolesnik
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